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[57] ABSTRACT

An air-fuel ratio control device comprising an electric
air bleed control valve which controls the amount of air
fed into the fuel passage of the carburetor so that an
air-fuel ratio becomes equal to the stoichiometric air-
fuel ratio. The degree of opening of the air bleed control

valve 1s increased as electric current fed into the air

bleed control valve is increased. Fuel vapor is fed into
the intake passage from the canister via a purge control
valve. When the purge control valve is opened, and the
rate of increase in the amount of current fed into the air
bleed control valve exceeds a fixed rate, the current fed
into the air bleed control valve is instantaneously in-
creased by a fixed amount.

11 Claims, 6 Drawing Sheets
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AIR-FUEL RATIO CONTROL DEVICE OF AN
INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air-fuel ratio con-
trol device of an internal combustion engine.

2. Description of the Related Art

An internal combustion engine is known, which com-
prises an electric purge control:valve for controlling the
supply of purge gas fed into the intake passage of an
engine from a charcoal canister, and an electric air
bleed control valve for controlling the amount of air fed
into the fuel passage of a carburetor. An electric current
fed into the air bleed control valve is controlled on the
basis of the output signal of an oxygen concentration
detecting sensor (hereinafter referred to as an Oy sensor)
arranged in the exhaust passage of the engine so that the
amount of air fed into the fuel passage of the carburetor
is increased as the amount of electric current fed 1nto
the air bleed control valve is increased (Japanese Unex-
amined Patent Publication No. 61-1857). In this engine,
when the purge control valve is opened, and thus the
supply of the purge gas is started, if the purge gas con-
tains a large fuel component, an air-fuel mixture fed into
the engine cylinders becomes extremely rich. As a re-
sult, the amount of electric current fed into the air bleed
control valve is gradually increased so that an air-fuel
ratio approaches the stoichiometric air-fuel ratio, and
accordingly, the amount of air fed into the fuel passage
of the carburetor is gradually increased. Subsequently,
when the electric current fed into the air bleed control
valve is increased to the maximum level of the control-
lable range, an air-fuel ratio control 1s changed from the
air-fuel ratio control based on the air bleed control to
the air-fuel ratio control based on the purge control, and
thus the amount of purge gas i1s controlled so that an
air-fuel ratio approaches the stoichiometric air-fuel ra-
t10.

However, actually, when the supply of purge gas 1s
started, the electric current fed into the air bleed control
valve normally does not reach the maximum level of the
controllable range, and thus, at this time, the amount of
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air fed into the fuel passage of the carburetor from the 45

air bleed passage 1s gradually increased until the air-fuel
ratio of air-fuel mixture fed into the engine cylinders
becomes equal to the stoichiometric air-fuel ratio. How-
ever, if the amount of air fed from the air bleed passage
1s gradually increased as mentioned above, it takes a
long time to equalize the air-fuel ratio with the stoichio-
metric air-fuel ratio. Consequently, since an extremely
rich air-fuel mixture is still fed into the engine cylinders
for a long time, a problem occurs in that a large amount
of unburned HC and CO 1s discharged from the engine
cylinders during that time.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
air-fuel ratio control device capable of reducing the
amount of unburned HC and CO discharged from the
engine cylinders by shortening the time during which
the air-fuel mixture i1s extremely rich after the supply of
purge gas is started.

According to the present invention, there is provided
an internal combustion engine having at least one cylin-
der, an intake passage and an exhaust passage, the en-

gine comprising: a carburetor arranged in the intake
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passage and having a fuel passage which is open to the
intake passage; an electric air-fuel ratio control valve
controlling an air-fuel ratio of an air-fuel mixture fed
into the cylinder in response to an electric control sig-
nal, the air-fuel ratio of the air-fuel mixture increasing as
a level of the electric control signal rises; an oxygen
concentration detector arranged in the exhaust passage
to produce a lean signal when the air-fuel ratio of the
air-fuel mixture fed into the cylinder is larger than a
predetermined air-fuel ratio and to produce a rich signal
when the air-fuel ratio of the air-fuel mixture 1s smaller
than the predetermined air-fuel ratio; first controi
means controlling the level of the electric control signal
in response to the lean signal and the rich signal to raise
the level of the electric control signal when the rich
signal is produced and lower the level of the electric
control signal when the lean signal i1s produced; a char-
coal canister containing activated carbon; a purge con-
trol valve arranged between the charcoal canister and
the 1intake passage to control the supply of purge gas fed
into the intake passage from the charcoal canister; and
second control means controlling the level of the elec-
tric control signal in response to both a rate of rising of
the level of the control signal and an opening operation
the purge control valve to instantaneously increase the
level of the electric control signal by a predetermined
level when the rate of increase exceeds a predetermined
rate and when said purge control valve 1s open.

The present invention may be more fully understood
from the description of a preferred embodiment of the
invention set forth below, together with the accompa-

nying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a schematically illustrated view of an en-
gIne;

FI1G. 2 is a flow chart for executing the calculation of
the control current VFE;

FIGS. 3, 3A and 3B are a flow chart for executing the

~control of an air-fuel ratio;

FIG. 4 is a diagram illustrating the output signal of
the O, sensor and the control current VF;

FIG. 5 is a diagram 1llustrating the control current
VF and the opening operation of the purge control
valve, and

FIG. 6 is a schematically illustrated view of an alter-
native embodiment of an engine.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, reference numeral 1 designates
an engine body, 2 an intake mantiold, 3 a variable ven-
turi type carburetor, and 4 an exhaust manifold; S desig-
nates a fuel tank, and 6 a charcoal canister containing
activated carbon. The variable venturi type carburetor
3 comprises an intake passage 7, a suction piston 8, a fuel

passage 9 which is open to the intake passage 7, and a
throttle valve 10. The amount of fuel fed into the intake

passage 7 from the fuel passage 9 is controlled by a
needle 11 mounted on the suction piston 8. An air bleed
passage 12 is connected to the fuel passage 9, and an air
bleed control valve 13 is arranged 1n the air bleed pas-
sage 12. This air bleed control valve 13 is controlled on
the basis of a control current output from an electronic
control unit 30. When the control current fed into the
air bleed control valve 13 1s increased, the amount of air
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fed into the fuel passage 9 from the air bieed passage 12
is increased, and thus the air-fuel mixture fed into the
engine cylinders becomes lean. Conversely, when the
control current fed into the air bileed control valve 13 1s
reduced, the amount of air fed into the fuel passage 9
from the air bleed passage 12 is reduced, and thus the
air-fuel mixture fed into the engine cylinders becomes
rich.

The fuel tank 5 is connected to the charcoal canister
6 via a fuel vapor conduit 14, and fuel vapor produced
in the fuel tank S is adsorbed by the activated carbon 13
in the canister 6. In addition, the canister 6 1s connected
via a purge conduit 16 to the intake passage 7 down-
stream of the throttle valve 10, and a purge control
valve 17 is arranged in the purge conduit 16. When the
purge control valve 17 is opened, fuel adsorbed in the

activated carbon 15 is desorped therefrom, and thus fuel
vapor is fed into the intake passage 7 from the purge
conduit 16.

The electronic control unit 30 1s constructed as a
digital computer and comprises a ROM (read only
memory) 32, a RAM (random access memory) 33, a
CPU (microprocessor, etc.) 34, an input port 33, and an
output port 36. The ROM 32, the RAM 33, the CPU 34,
the input port 35, and the output port 36 are intercon-
nected via a bidirectional bus 31. A throttle switch 18
detecting an idling opening degree of the throttle valve
10 is attached to the throttie valve 10, and the output
signal of the throttle switch 18 1s input to the input port
35. An Oj sensor 19 is arranged in the exhaust manifold
4, and the output signal of the O; sensor 19 1s input to
the input port 35 via an AD converter 37. In addition,
an engine speed sensor 20 producing output pulses hav-
ing a frequency proportional to the engine speed 1s
connected to the input port 35. The output port 36 is
connected to the air bleed control valve 13 and the
purge control valve 17 via corresponding drive circuits
38.

An air-fuel ratio control according to the present
invention will be hereinafter described with reference
to FIGS. 2 through 5.

FIG. 4 illustrates changes in the output voltage V of
the Oj sensor 19. The O3 sensor 19 produces the output
voltage V of about 0.9 volt when the air-fuel mixture is
rich, and produces the output voltage V of about 0.1
volt when the air-fuel mixture is lean. The output volt-
age V of the O, sensor 19 1s compared with a reference
voltage Vr of about 0.45 volt in the CPU 34. At this
time, if the output voltage V of the O» sensor 19 is
higher than Vr, the air-fuel mixture is considered rich,
and if the output voltage V of the O3 sensor 19 is lower
than Vr, the air-fuel mixture is considered lean.

FI1G. 2 tllustrates a routine for the calculation of the
control current VF of the air bleed control valve 13,
which calculation is carried out on the basis of a deter-
mination of whether the air-fuel mixture is rich or lean.

Referring to FIG. 2, in step 50, it is determined
whether or not the air-fuel mixture i1s lean. When the
air-fuel mixture is lean, the routine goes to step 51, and
it 1s determined whether the air-fuel mixture has been
changed {rom rich to lean after completion of the pre-
ceding processing cycle. When the air-fuel mixture has
been changed {rom rich to lean, the routine goes to step
52, and a skip value A is subtracted from VF. Then, the
routine goes to step 53. When the air-fuel mixture has
not been changed from rich to lean after completion of
the preceding processing cycle, the routine goes to step
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54, and an integration value K(K<A) 1s subtracted
from VF. Then, the routine goes to step 33.

When it is determined in step 50 that the air-fuel
mixture is rich, the routine goes to step 55, and 1t 1s
determined whether the air-fuel mixture has been
changed from lean to rich after completion of the pre-
ceding processing cycle. When the air-fuel mixture has
been changed from lean to rich, the routine goes to step
56, and the skip value A i1s added to VF. Then, the
routine goes to step 53. When the air-fuel mixture has
not been changed from lean to rich after completion of
the preceding processing cycle, the routine goes to step
57, and the integration value K is added to VF. Then,
the routine goes to step 53. In step 83, it is determined
whether a skip flag indicating that VI 1s to be increased
by a fixed value is sef. Since this skip flag is normally
reset, the routine jumps to step 38, and VF 1s output to
the output port 3.

Consequently, as illustrated in FIG. 4, when the air-
fuel mixture is changed from rich to lean, the value of
VF is abruptly reduced by the skip value A and then
gradually reduced. Conversely, when the air-fuel mix-
ture 15 changed from lean to rich, the value of VF 15
abruptly increased by the skip value A and then gradu-
ally increased. The value of VF calculated 1n each step

52, 54, 56, 57 and output to the output port 36 in step 58
in FIG. 2 represents a duty cycle of puise, and the serial
pulses which are produced at a fixed frequency and
have a pulse width changed in accordance with the
duty cycle are fed into the air bleed control valve 13.
The opening degree of the air bleed control valve 13 1s
controlled in response to the mean value of current of
the serial pulses and, therefore, V¥ 1s called the control
current of the air bleed control valve 13. As iliustrated
in FIG. 4, this control current VF normally moves up
and down around a reference value VFy.

Turning to FIG. 2, when it is determined in step 53
that the skip flag is set, the routine goes to step 59, and
a fixed value SKIP is added to VF. Then, 1n step 60, the
skip flag 1s reset.

FIG. 5 illustrates the opening of the purge control
valve 17 and changes in the mean value of VF. As
illustrated in FI@G. 5, before the time ty, that 1s, when the
purge control valve 17 is closed, the mean value of VF
1s held at approximately the reference value VFy. Then,
if the purge control valve 17 i1s opened at the time t;,
and thus the purge gas containing a large amount of fuel
component therein is fed into the intake passage 7, since
the air-fuel mixture fed into the engine cylinders be-
comes excessively rich, the control current VI in-
creases, as illustrated in FIG. 5. At this time, if the rate
of increase in the control current VF exceeds a fixed
rate, that is, if an increase AVF of the control current
VF per a fixed time Cg exceeds a predetermined fixed
value, the control current VF 1s instantaneously in-
creased by a fixed value SKIP at the time t;. After this,
if the rate of increase in the control current VI again
exceeds the fixed rate, the control current VI is again
instantaneously increased by the fixed value SKIP. That
1s, the control current VF is instantaneously increased
by the fixed value SKIP each time the control current
VF i1s increased by more than the fixed vaiue AVF
during the elapse of a time Cq. This fixed value SKIP is
considerably larger than the skip value A in steps 52 and
56 of FIG. 2. In the present invention, as mentioned
above, when the supply of purge gas is started, and the
air-fuel mixture then becomes extremely rich, since the
control current VF 1s rapidly increased until the air-fuel
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ratio becomes approximately equal to the stoichiomet-
ric air-fuel ratio, it is possible to shorten the length of
time during which the air-fuel mixture is in an extremely
rich state, and thus 1t becomes possible to reduce the
amount of unburned HC and CO discharged from the 3
engine cylinders. -

FIG. 3 illustrates a flow chart for executing the air-
fuel ratio control illustrated in FIG. 5. The routine
illustrated in FIG. 3 is processed by sequential interrup-
tions which are executed at predetermined intervais. 10

Referring to FIG. 3, in step 70, it is determined
whether the purge control valve 17 1s open. This purge
control valve 17 is closed, for example, when the engine
1s operating in an idling state, and the purge control
valve 17 i1s open when the throttle valve 10 1s open.
When the purge control valve 17 is closed, the routine
goes to step 71, and it is determined whether a control
completion flag indicating that the control of increasing
VF by the fixed value SKIP is completed 1s set. If the
supply of purge gas has not been carried out, since the
control completion flag is reset, the routine goes to step
72, and the fixed value SKIP becomes equal to zero.
‘Then, the processing cycle 1s completed.

If the purge control valve 17 is opened, the routine
goes to step 73 from step 70, and the count value C is
incremented by one. When the air-fuel ratio control is
started, the counter is cleared. Consequently, when the
routine goes to step 73 for the first time, the count value
C becomes equal to 1. Then, 1n step 74, it 1s determined 30
whether the count value C is equal to 1. At this time,
since the count value C is equal to 1, the routine goes to
step 73, and the skip flag 1s set. If the skip flag is set, the
fixed value SKIP is added to the control current VF in
step 59 of FIG. 2. However, at this time, since the fixed ;s
value SKIP is equal to zero, the actual control current
VF remains unchanged. Then, in step 76 of FIG. 3, the
control current VF is memorized as VF1, and the pro-
cessing cycle is completed.

In the next processing cycle, the routine goes to step 40
77 from 70 via steps 73 and 74, and it is determined
whether the count value C is equal to a fixed value Cgp,
that 1s, whether a fixed time has elapsed after the purge
control valve 17 is opened. If the count value C is not
equal to the fixed value Co, the processing cycle is com- 45
pleted. Conversely, if the count value C is equal to the
fixed value Cp, the routine goes to step 78. In step 78,
VF1, that is, the control current VF at the time of C=1
1s subtracted from the present control current VF, and
the result of the subtraction is memorized as AVF. Con- s
sequently, this AVF indicates the amount of change in
the control current VF, which change occurs during
the elapse of the fixed time Co. Then, in step 79, it is
determined whether AVF is positive. If AVF >0, it is
determined in step 80 whether AVF is larger than a 55
fixed value D. If AVF>D, AVF is multiplied by a fixed
value B in step 81, and the result of the multiplication is
memorized as SKIP. Consequently, the value of SKIP
becomes large as AVF becomes large. After this, in step
82, the control completion flag is set, and then, in step 60
83, the counter is cleared.

Conversely, when it is determined in step 79 that
AVF 1s equal to or smaller than zero, the routine goes to
step 84, and the fixed value SKIP becomes equal to
zero. In addition, when it is determined in step 80 that 65
AVF 1s equal to or smaller than the fixed value D, the
routine jumps to step 82. Consequently, at this time, the
fixed value SKIP remains unchanged.
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Since the counter is cleared in step 83, the routine
goes to step 75 from step 70 via steps 73 and 74 in the
next processing cycle and, in step 735, the skip flag 1s set.
As a result, in step 39 of FIG. 2, the fixed value SKIP is
added to the control current VF. That 1s, if AVF>D,
AVF.B i1s added to the control current VF and, there-
fore, the control current VF is instantaneously in-
creased by a fixed valve proportional to AVF. Con-
versely, if AVF=0, or if AVF has not become larger
than the fixed value D after the purge control valve 17
is opened, since the fixed value SKIP is equal to zero,
the instantaneous increase operation of the control cur-
rent VF 1s not carried out. The above-mentioned con-
trol of the control current VF is carried out at each
elapse of the fixed time Cg as long as the purge control
valve 17 1s open. In this control of the control current
VF, if D=ZAVF >0, the fixed value SKIP, which has
been once used, 1s used again.

If the purge control valve 17 is closed, the routine
goes to step 71 from step 70. At this time, since the
control completion flag is set, the routine goes to step
85, and it 1s determined whether the count value C is
equal to zero. If C=0, the routine jumps to step 86, and
the control completion flag is reset. Conversely, if
Cs£0, the routine goes to step 87, and— SKIP is memo-
rized as SKIP. Then, in step 88, the skip flag is set.
Consequently, in this case, the fixed value SKIP is sub-
tracted from the control current VF. That is, when the
purge control valve 17 is closed immediately after the
control valve VF is instantaneously increased by the
fixed value SKIP, the fixed value SKIP is subtracted
from the control current VF to prevent an excessive
Increase in the control current VF. Then, in step 89, the

counter 1s cleared.

FIG. 6 illustrates an alternative embodiment of this
invention. In this embodiment, an air supply passage 21
is connected to the intake passage 7 downstream of the
throttle valve 10, and an air control valve 22 is arranged
in the air supply passage 21. This air control valve 22 is
controlled on the basis of a control current output from
the electronic control unit 30 (FIG. 1). When the con-
trol current fed into the atr control valve 22 is increased,
the amount of air fed into the intake passage 7 from the
air supply passage 21 is increased, and thus the air-fuel
mixture fed into the engine cylinders becomes lean.
Conversely, when the control current fed into the air
control valve 22 1s reduced, the amount of air fed into
the intake passage 7 from the air supply passage 21 is
reduced, and thus the air-fuel mixture fed into the en-
gine cylinders becomes rich.

In this embodiment, the electric control current VF
of the air control valve 22 is controlled on the basis of
the routine illustrated in FIG. 2. Consequently, as illus-
trated in FIG. 4, when the air-fuel mixture is changed
from rich to lean, the value of VF is abruptly reduced
by the skip value A and then gradually further reduced.
Conversely, when the air-fuel mixture is changed from
lean to rich, the value of VF is abruptly increased by the
skip value A and then gradually further increased. Also
in this embodiment, the control current VF normally
moves up and down around a reference value VF.

In this embodiment, when the purge control valve 17
is closed, the mean value of VF is held at approximately
the reference value VFpy. Then, if the purge control
valve 17 is opened, and thus the purge gas containing a
large amount of fuel component therein is fed into the
intake passage 7, since the air-fuel mixture fed into the
engine cylinders becomes excessively rich, the control
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current VF increases. At this time, if the rate of increase
in the control current VF exceeds a fixed rate, the con-
trol current VF is instantaneously increased by a fixed
value SKIP. After this, if the rate of increase in the
control current VF again exceeds the fixed rate, the
control current VF is again instantaneously increased
by the fixed value SKIP.

Consequently, in this embodiment, when the supply
of purge gas is started, and the air-fuel mixture then
becomes extremely rich, since the control current VF 1s
rapidly increased until the air-fuel ratio becomes ap-
proximately equal to the stoichiometric atr-fuel ratio, it
is possible to shorten the length of time during which
the air-fuel mixture is in an extremely rich state, and
thus it becomes possible to reduce the amount of un-
burned HC and CO discharged from the engine cylin-
ders.

According to the present invention, when the supply
of purge gas is started, and the air-fuel mixture fed into
the engine cylinders becomes excessively rich, the con-
trol current VF is rapidly increased until an air-fuel
ratio approaches the stoichiometric air-fuel ratio. Con-
sequently, since it is possible to shorten the length of
time during which the air-fuel mixture is extremely rich,
it becomes possible to reduce the amount of HC and CO
discharged from the engine cylinders.

While the invention has been described by reference
to specific embodiments chosen for purposes of illustra-
tion, it should be apparent that numerous modifications
could be made thereto by those skilled 1n the art with-
out departing from the basic concept and scope ot the
invention.

We claim:

1. An internal combustion engine having at least one
cylinder, an intake passage and an exhaust passage, said
engine comprising:

a carburetor arranged 1n the intake passage and hav-
ing a fuel passage which is open to the intake pas-
sage;

an electric air-fuel ratio control valve controlling an
air-fuel ratio of an air-fuel mixture fed into the
cylinder in response to an electric control signal,
said air-fuel ratio of the air-fuel mixture increasing
as a level of said electric control signal rises;

an oxygen concentration detector arranged in the
exhaust passage to produce a lean signal when said
air-fuel ratio of air-fuel mixture fed into the cylin-
der is larger than a predetermined air-fuel ratio and

to produce a rich signal when said air-fuel ratio of

air-fuel mixture is smaller than the predetermined
air-fuel ratio;

first control means controlling the level of said elec-
tric control signal in response to said lean signal
and said rich signal to raise the level of said electric
control signal when said rich signal i1s produced
and lower the level of said electric control signal
when said lean signal 1s produced;

a charcoal canister containing activated carbon
therein;

a purge control valve arranged between said charcoal
canister and the intake passage to control the sup-
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ply of purge gas fed into the intake passage from
sald charcoal canister; and

second control means controlling the level of said

electric control signal in response to both a rate of
rising of the level of said electric control signal and
an opening operation of said purge control valve to
instantaneously raise the level of said electric con-
trol signal by a predetermined level when said rate
of rising exceeds a predetermined rate and when
said purge control valve 1s open.

2. An internal combustion engine according to claim
1, wherein said electric control signal is represented by
an electric current.

3. An internal combustion engine according to claim
1, wherein said predetermined air-fuel ratio 1s the stot-
chiometric air-fuel ratio.

4. An internal combustion engine according to claim
1, wherein said purge control valve is closed when the
engine 1s operating in an idling state.

5. An internal combustion engine according to claim
1, wherein said rate of rising is defined by the amount of
change in the level of said electric control signal, which
change occurs during a fixed time.

6. An internal combustion engine according to claim
1, wherein said predetermined level is proportional to
sald rate of rising.

7. An internal combustion engine according to claim
1, wherein said predetermined level remains unchanged
when said rate of rising 1s lower than said predeter-
mined rate.

8. An internal combustion engine according to claim
7, wherein said second control means stops the instanta-
neous increase operation of the level of said electric

‘control current when said rate of rising 1s lower than

ZEro.

9. An internal combustion engine according to claim
1, wherein said second control means instantaneously
lowers the level of said electric control current by said
predetermined level when said purge control valve 1s
closed immediately after said second control means
instantaneously raises the level of said electric control
current by said predetermined level.

10. An internal combustion engine according to claim
1, wherein said carburetor has an air bleed passage
connected to said fuel passage, and said electric air-fuel
ratio control valve is arranged 1n said air bieed passage
to control the amount of air fed into said fuel passage
from said air bleed passage in response to said electric
control signal, said amount of air increasing as the level
of said electric control signal rises.

11. An internal combustion engine according to claim
1, further comprising a throttle valve arranged in the
intake passage, and an air supply passage open to the
intake passage downstream of said throttle wvalve,
wherein said electric air-fuel ratio control valve 1s ar-
ranged 1n said air supply passage to control the amount
of air fed into the intake passage from said air supply
passage in response to said electric control signal, said
amount of air increasing as the level of said electric

60 control signal rises.
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